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测试。在非共振条件下，BB-SRS Gain光谱和 BB-SRS Loss光谱给出相同的结构
信息。还能很方便地通过测量退偏比考察各个振动模式的对称性。用甲醇-水溶
液和孔雀石绿-甲醇溶液考察 BB-SRS 定量检测的水平，得到水溶液中甲醇的检
出限为 0.18 M，甲醇溶液中孔雀石绿的检出限为 2×10-6 M。 
（2）以孔雀石绿和结晶紫分子为模型研究共振 BB-SRS光谱。主要发现：（a）
只有当泵浦光落在最大吸收波长的长波方向时，才能观察到共振 BB-SRS 信号，



















振动模式，在 BB-SRS Loss中比 BB-SRS Gain的共振峰更强，并且随着泵浦光
波长的改变，共振峰强度的比值也不同。这是由于 BB-SRS Loss和 BB-SRS Gain
谱峰分别出现在泵浦光的两侧，其对应波长处样品分子的电子跃迁几率不同导致
的；（d）根据共振 BB-SRS光谱，可以获得振动模式选择的拉曼激发谱（Resonant 




































Stimulated Raman Spectroscopy (SRS) has been extensively applied to the study 
of structural analysis, ultrafast dynamics and imaging with high temporal resolution, 
high sensitivity and fluorescence rejection. 
In Broadband Stimulated Raman Spectroscopy (BB-SRS), a narrowband Raman 
pump and a broadband Raman probe pulse interact with the sample to generate 
BB-SRS signal. Similar to conventional Raman spectroscopy, BB-SRS can provide 
structural information in a large region (4000 cm-1) simultaneously. On the red side 
(Stokes) of the Raman pump, the signals appear as intensity gain (positive) of the 
Raman probe, usually called BB-SRS Gain. On the blue side (anti-Stokes), the SRS 
signals emerge as intensity loss (negative) of the Raman probe, known as BB-SRS 
Loss. Currently, there is only very few reported experimental results about resonance 
BB-SRS, detailed experimental and theoretical analyses are needed for better 
understanding of the resonance effects in the BB-SRS spectra. 
This thesis will focus on resonance BB-SRS. The main contents and results are as 
follows: 
 (1) Evaluation of the performance of the experimental setup, through 
off-resonance BB-SRS spectroscopy of small molecules in solution. On off-resonance, 
BB-SRS Loss and Gain give essentially the same structural information as 
conventional Raman. Besides, depolarization ratio measurements can provide 
information about symmetric property of each vibrational mode. Quantitative 
BB-SRS measurement of methanol/water and malachite green/methanol solutions 
showed that the detection limit is 0.18 M for methanol and 2×10-6 M for malachite 
green. 
(2) Resonance BB-SRS spectroscopy of malachite green and crystal violet. Major 
findings are: (a) the resonant BB-SRS bands could be seen only when the pump laser 
tuned in the range of the red edge of the visible absorption spectrum of the sample. 
















spectra, while the lineshapes are normal (same as the off-resonance BB-SRS) in the 
BB-SRS Gain spectra. (b) Neither pump energy nor molecular concentration has 
effects on the lineshape. Within a certain energy range, the intensity of resonance 
BB-SRS band linearly increases with the pump energy, which implies that there is not 
likely any higher order nonlinear process involved in resonance BB-SRS. (c) The 
BB-SRS band intensity in the Loss side is usually stronger than that in the Gain side 
and varies with the pump wavelength significantly. We believe that the wavelength 
dependence behavior of the resonant BB-SRS bands comes from the difference of the 
transition possibilities at λLoss for BB-SRS Loss and λGain for BB-SRS Gain. (d) From 
BB-SRS Loss spectra, we can obtain the mode-specified resonant Raman excitation 
profile for each resonant Raman active vibration, which can be used to estimate the 
mode specified Franck-Condon activity. 
(3) The relationship between the lineshape of resonance BB-SRS spectra and 
Raman pump wavelength, pump energy, concentration, and delay time has been 
examined. The dispersive lineshape appeared in the resonance BB-SRS Loss spectra 
has been analyzed with Fano resonant scattering theory. The results show positive 
agreement between the experimental data and the model. 
 
Key Words: Broadband Stimulated Raman Spectroscopy; Resonance; Dispersive 
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术[9-12]。比如：共振拉曼光谱（Resonance Raman, RR）、表面增强拉曼光谱（Surface 
enhanced Raman spectroscopy, SERS）、针尖增强拉曼光谱（Tip enhanced Raman 
spectroscopy, TERS）、壳层隔绝纳米粒子增强拉曼光谱（ Shell-isolated 
nanoparticle-enhanced Raman spectroscopy, SHINERS）、相干反斯托克斯拉曼光谱


















































TERS 是 21 世纪初才发展起来的拉曼检测技术，[27-31]它是扫描探针显微镜
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spectroscopy）、飞秒拉曼-诱导克尔效应光谱(Femtosecond Raman-induced Kerr 































1962年，Woodbury和 Ng[49] 在用硝基苯克尔盒研究红宝石激光器调 Q时，
探测到从克尔盒发射出的波长为 767.0 nm 的强辐射信号，红宝石材料不存在
767.0 nm的谱线，后来证实它是硝基苯分子在强激光作用下引起的受激辐射，这

















Raman spectroscopy, FSRS)的应用是在 2003年，Mathies课题组[52] 用 FSRS研究
β胡萝卜素的电子激发态振动弛豫过程，获得了时间分辨优于 100 fs，光谱分辨
优于 30 cm-1的受激拉曼光谱。另外，即使对高荧光效率的叶绿素 a、罗丹明 6G
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